The view of animals as optimizers is extremely important in many parts of biology, and is represented in a variety of theoretical models. Current developments in animal welfare create a need for a new theoretical model, which treats the animal as acting optimally in its choice of a sequence of behaviours, and places as few restrictions as possible on what quantity is being maximized. The intention is to facilitate the study of what the animal chooses, which will often be relevant in considering animal welfare. Currently, economic models of the consumer are borrowed in this situation, but they are not well suited for the increasingly exact analyses being performed. A new alternative model is presented here analytically in general, and a special case is studied numerically. The model does not attribute internal states to the individual, which is a simplification with advantages and disadvantages.
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The use of economic analogies has been a major technique in animal welfare since it was introduced 20 years ago by Dawkins (1981) , and recently the applications have become more and more quantitative (for example Cooper & Mason 2000; Mason et al. 2001) . The central ideas are that individuals reveal their preferences by observed choices, including experimentally presented choices, and that individuals to at least some extent 'know what is good for them'. Thus, although there is no question of accepting automatically that whatever an animal chooses is best for it in welfare terms, it will often be useful to study what an animal chooses. The conceptual framework that has been used in this work has been the economic model of the consumer, as outlined in standard economics textbooks such as Mas-Colell et al. (1995) . In applied work, this provides a family of techniques for investigating animal welfare. In more purely scientific terms it provides the challenge of understanding sequences of behaviour as the result of an optimization process.
The need for a new model arises first because the model of the economic consumer represents rather poorly the situation of an animal in animal welfare experiments, and this point is explained more fully below. The second reason is that existing biological models of sequences of behaviour (McFarland & Houston 1981; Houston & McNamara 1999 ) are constructed to allow an adaptationist analysis of behaviour. The mathematical structures are consistent with a Darwinian interpretation of the maximand, and they enforce a kind of Darwinian rationality on the animal. All models represent a compromise between simplicity and complexity, and these models usually assume what the animal is meant to be maximizing, and are designed to enquire whether we have understood how it is that the animal's behaviour succeeds in maximizing the unquestioned maximand.
In contrast, the economic model of the consumer leaves the utility function (almost completely) unspecified, with the aim of describing any reasonable behaviour within the optimization framework. This is the spirit of the animal welfare work, and this is why a model designed for that area should aim to allow any 'reasonable' behaviour on the part of the animal. We wish to be able to infer from an experiment that play, say, is extremely important to an animal, without having to have any idea about why the preference for play is adaptive in a Darwinian sense.
In this paper, we aim to present as simple a model as possible that allows as wide a range of reasonable behaviour as possible in the experimental arrangement used by Cooper & Mason (2000) , and allows us to pose questions of substitutability, elasticities and demands. One use for this model is to explore whether the inexactness of the economic model is important in its quantitative applications so far. It could also in principle be used to develop a parallel theory to the economic model of the consumer, providing the same facilities but with basic assumptions that are more closely met by the situation of the experimental animals. Another use is to apply the logic of the optimization approach to features of the behaviour that are elided in the economic analogy, particularly those to do with sequencing.
